A study on the performance of a renewable activated carbon towards concentration reduction for ethyl orange dye was conducted. The coconut shell activated carbon was prepared by varying the carbonization temperature and impregnation ratio of chemical activation agent and coconut shell. The effect of adsorbent dosage and temperature on performance of the synthesized AC was determined. The finding showed that the impregnation ratio of 2 and carbonization temperature of 800 ˚C were the best condition to synthesis the activated carbon. The result also showed that the increment in adsorbent dosage increased the sorption capacity for coconut shell AC. However, the temperature changes caused the fluctuation in reduction of dye concentration. Comparison with commercial activated carbon indicated that coconut shell AC had proved to be a low cost and efficient adsorbent in this research.
Introduction
Nowadays, wastewater from industry especially dye industry become a concern issue in the world. This is because the wastewater may harms human health and affects the harmony in ecosystem. Therefore, numerous researches had been conducted to determine the polluted level of dye wastewater such as biological oxygen demand (BOD), chemical oxygen demand (COD) and total organic carbon (TOC) test. Dye can be classified based on their solubility. Soluble dye refers to acid, mordant, metal complex, direct, basic and reactive dyes. Meanwhile, insoluble dye is included azoic, sulfur, vat and disperse dyes. Ethyl orange is one of the dyes that commonly used in textile industry. Thus, ethyl orange was used in this study
The most effective way to remove dye is via adsorption because this process is highly effective, low in cost and ease of operation [1] [2] . According to Bhatnagar (2010) , all wastes have the potential to become adsorbent and remove various pollutants from wastewater [3] . For example, activated carbon can be prepared from biomass like olive oil waste [4] ,orange peel [5] , eggshell [6] and so on. Meanwhile, coconut bunch waste and coconut husk were used as adsorbent to remove methylene blue and 2,4,6-trichlorophenol, respectively [7] . Cellulose, hemicelluloses, lignin, lipids, proteins, water, hydrocarbon, starch and simple sugars in the agriculture wastes are also suitable to be used as an adsorbent. According to Bridiga (2010), lignocellulosic in green coconut fiber is suitable for adsorption process [8] .
Therefore, in this study, it is aimed to synthesize activated carbon from coconut shell waste to treat ethyl orange dye. The effect of adsorbent dosage and temperature on performance of the synthesized AC will be determined.
MATERIALS AND METHODOLOGY
Materials. Coconut shell was collected from a local market at Pontian, Johor. Ethyl orange sodium salt (dye) and potassium carbonate were procured from Sigma Aldrich Methodology. For preparation of AC, the coconut shell first was grinded and sieved to obtain the particle size which less than 1.0 mm. Then, the coconut shell powder was impregnated with potassium carbonate with the ratio ranged from 0.8 to 2.0 at room temperature for 24 hrs. Then, this impregnated coconut shell was carbonized at 800 °C for 2 hrs in air. The sample was then cooled at room temperature and was thoroughly washed with distilled water to a neutral pH. Then, the sample was dried overnight at 105°C. The experiment was repeated but at different carbonization temperature of 400 and 600°C (the impregnation ratio was kept constant at 2 while the other processes were remained the same).
For the adsorption test, the experiments were conducted in a batch reactor by using ethyl orange dye as a sample to be treated. The concentration of dye solution was kept constant at 50 mg/L. The adsorption experiments were conducted by varying the adsorbent dosage (i.e. 0.05 to 0.25 g) and solution temperature (i.e. 30 to 70°C). The adsorption was performed for 2 hrs duration. Then the sample was taken for further analyzed for its concentration removal using UV-spectrophotometer. Fig. 1 shows the effect of impregnation ratio on the dye concentration reduction. Effect of impregnation ratio was studied at ratio of 0.8, 1.0, 2.0 and 2.5.
Result and Discussion Effect of Impregnation Ratio on Dye Removal

Fig. 1: Relationship between impregnation ratio and percentage of concentration reduction for coconut shell activated carbon
As can be seen, the curve is a bell-shape. The peaks of percentage concentration reduction was located at impregnation ratio of 2, which are 2 g of adsorbent and 4 g of K 2 CO 3 . As the impregnation ratio continued increases after impregnation ratio of 2, the percentage concentration reduction gradually decreased. Regarding the coconut shell activated carbon, percentage reduction was increased from 18.64 % to 35.54 %with impregnation ratio range at 0.8 to 1.0. Potassium carbonate (K 2 CO 3 ) is important to develop the porosity of activated carbon. By increasing the impregnation ratio, the adsorbent structure was strengthened and the adsorption can be enhanced. However, the excess of potassium carbonate and metallic potassium in the reaction will block the structure of pores and affect the area by burnt off the structure.. Fig. 2 illustrates the relationship between carbonization temperatures and percentage of concentration reduction for coconut shell activated carbon. The maximum percentage concentration reduction occurred at 800 ˚C which was 80% reduction. Nevertheless, there was no dye been removed at carbonization temperature below than 600 ˚C. 
Effect of Carbonization Temperature on Dye Removal
Effect of Adsorbent dosage on Dye Removal
Undoubtedly, adsorbent dosage is one of the main parameters affect the sorption capacity. In theory, the sorption capacity is directly proportional to the amount of activated carbon. As can be seen in Fig. 3 , percentage concentration reduction was increased from 72.44 to 78.53 % when using activated carbon at range of 0.05 to 0.2 g. When the adsorbent dosage wass added more than 0.2 g, the percentage of concentration reduction was slightly increased, which can be considered as remain constant. Thus, the optimum value of activated carbon was 0.25 g. It can be concluded that as adsorbent dosage is increased, the efficiency to remove dye is increased as well. This is because the vacant sites to adsorb dye increased and more dyes able to adsorb into the available site. The availability of sites is the main factors affect the sorption capacity when considering this parameter. Fig. 4 illustrates the effect of temperature towards removal of dye. As can be seen, percentage concentration reduction was decreased from 80.83 % to 47.85 % as temperature was increased from 30 to 40°C, respectively. Nevertheless, the percentage concentration reduction was increased at temperature of 50 to 70 ˚C. As the temperature is increasing, the adsorption capacity of dye is also increasing. This indicates the adsorption process is belongs to endothermic process. The surface energy is related to the temperature as well. The increasing in the surface energy encourages the increase of penetration of reactive dyes inside the micropore and creation of the new active sites. Basically, adsorption process is exothermic due to the heat release after bond formation between solute and adsorbent. However, endothermic process might occur since the adsorbents are different.
Fig.3: Relationship between dosage of activated carbon and percentage of concentration reduction using coconut shell activated carbon
Effect of Temperature on Dye Removal
Fig. 4:
Relationship between temperature and percentage of concentration reduction using coconut shell activated carbon Fig. 5 presents the comparison between percentage concentration reduction towards temperature of dye of coconut shell activated carbon and commercial granular activated carbon (GAC). Performance of coconut shell adsorbent was better than GAC in term of percentage concentration reduction at any temperature. Generally, coconut shell activated carbon was able to remove more than 45 % of dye, but percentage of concentration reduction for granular activated carbon was lower than 40 % at any range of temperature used. Thus coconut shell is proved as good low cost adsorbent which able to replace granular activated carbon.
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Conclusions
Activated carbon from coconut shell was successfully synthesized. The synthesized activated carbon has high potential to remove ethyl orange dye. Impregnation ratio of 2 and temperature of 800 ˚C were the best condition to prepare this adsorbent. The increment in adsorbent dosage increased the efficiency of dye removal. But the changes in temperature induced the fluctuation in reduction of dye concentration. Surprisingly, the coconut shell activated carbon had shown better adsorption capacity than commercial granular activated carbon.
